This paper presents a system for giving the warning information to the PC user in companies before going into working in front of the PC for long hours. This system is utilized in companies to avoid long VDT work. Although it would be not difficult to monitor the PC user by using motionsensing devices such as Kinect whether the user is doing VDT work, this way is not practical due to the high cost for companies. Assuming large-volume introduction of the system into companies, the proposed system monitors the PC user using a common webcam considering cost performance. The proposed method extracts just one feature for measuring area of the user's face and head from images captured at the interval of 1 min. and then discriminates whether the user appears in the camera frame or not. Besides, the proposed method measures hours of VDT work by counting the result of the discrimination for the user's appearance at every minute and gives a warning information to the user before the user is doing VDT work for long hours. Experimental results that accuracy ratios for the discrimination have been 93.9% on average have shown that performance of the proposed method is high enough.
Introduction
A long VDT (Visual Display Terminal) work, which is a job conducted by looking at a monitor of PC, etc., could bring the user bad forms. They are called as Computer V ision Syndrome (CVS). To prevent occurrence of CVS in companies, industrial physicians guide the users on CVS and avoiding VDT work for long hours. In the U.S., the American Optometric Association opens methods for preventing and lessening VDT work over long hours [1] . Similarly, in Japan, the Ministry of Health, Labour and Welfare shows a guide for preventing CVS to industrial physicians. However, in fact, since the users currently have to care their work and health by themselves, most of cases are diagnosed as CVS after some symptoms have been shown in body. Although eye drops which contain a lubricant, glasses for computer, etc. are utilized to prevent CVS [2] , a concrete countermeasure for promoting recess in VDT work for long hours is still not appeared. Especially, in Japan, industrial physicians need to check situation of VDT work in their companies to care health of company staffs. If a system could monitor VDT working hours to all the PC users and reports the result for every PC user to the physician automatically, it could be a useful management tool for the physicians. In addition, if the system could inform the PC users a warning before going into a long VDT work, the system could prevent them from CVS.
Aiming at assisting healthcare of VDT workers in companies at low costs, this paper proposes a system for measuring hours of VDT work using a common webcam. Regarding researches on capturing a human with cameras, many literatures have been reported such as recognitions of human face based on color histograms [3] , Haar-like features applying AdaBoost algorithm [4, 5] , etc. However, since these methods are designed by treating just a full face as the target, there is possibility that they could not apply to faces directed to the side or with a lean. On the other hand, a method for extracting the figure of human body from thermal images has been reported [6] ; however, considering introduction of the system for many terminals in a large corporation, a special device such as an infrared CCD camera to take the thermal images would not be appropriate as a sensor for monitoring VDT work. It could be possible to measure VDT working time by just setting a timer with the alarm, however the user has to reset the timer at each recess by hand. Since the user deeply focuses on the job in VDT work, the user could not manage the timer carefully in VDT work.
In this paper, a novel system for monitoring VDT work is proposed by discriminating the PC user is in front of the PC monitor using a common webcam. This means the proposed method is different from facial recognition, and it measures working hours by recognizing presence of the user who is doing VDT work at regular intervals.
The most important part of the proposed system is to use a common webcam to monitor the user avoiding an expensive sensor such as Kinect [7, 8] , a pressure sensor, a highvision camera, etc. In addition, this paper examines performance of the proposed method by applying a prototype of the system to several participants.
Computer Vision Syndrome
CVS (Computer Vision Syndrome) is a disease in eyes, body, and mind occurred by VDT work for long hours. The main symptoms are dry-eye syndrome, inflamed eyes, stiff neck, anorexia, depression, etc. Although industrial physicians consider preventing them, there is still no means except healthcare guidance. Generally, industrial physicians guide, it is necessary to take a recess for 10 min. per 1 hour in VDT work.
Therefore, the proposed system monitors VDT work in real time and announces a warning to the user before going into long VDT work. In this research, VDT work is regarded as the situation where the user is sitting at the PC monitor and working with PC. That is, the user is looking at the front or the side to the monitor as shown in Fig.1 . In addition, sometimes the user might look downward in VDT work. The reason why facing the side in front of the monitor is included into VDT work is because there is probability that eyes of the user get back to the monitor soon. Hence, the situation of looking at the back or leaving the seat as shown in Fig.2 is regarded as taking at recess because they are clearly different from VDT work in progress. According to these definitions, the proposed system of preventing CVS is designed as a system which announces a warning to the user if the user keeps VDT work exceeding the designated interval. 
Proposed System

Overview
Environment of development for the proposed system is as follows:
• Language: MATLAB v8.1(R2013a)
• OS: Windows 7
• Image captured by a webcam: 480×640 pixels (H/W), 24bits full color
For the sake of preventing VDT work for long hours, the proposed method measures VDT working hours by discriminating presence of the user using images captured at intervals of 1 min. and then announces a warning to stop VDT work to the user at a designated time if the user keeps VDT work exceeding the time. Fig.3 shows the interface prepared in the proposed system, where the user can select the designated time of 60, 120, or 180 min. and the system works according to the flow shown in Fig. 4 . Fig.4 shows a working flow of the proposed system in the case when the designated time is set for 60 min. Since the proposed method discriminates whether the user appears in the camera frame or not with a discriminant machine, it needs learning data for the discrimination. Before the user do VDT work, the learning data are created by saving 30 images in the case when the user appears in the camera frame for 2 min. and then saving another 30 images in the case when the user is out of the frame for 2 min., i.e., the system stores 60 images for 4 min. as learning data for the user at the beginning. After the user pushes the start button on the interface shown in Fig. 3 , the measurement of VDT working time is started and the system automatically takes a picture to the front of the PC and discriminates appearance of the user once at 1 min. And then, the system counts results of the discrimination that the user has been before the PC; and if the number reaches 60, the system displays a window of warning information on the monitor. If the discrimination that the user is out of the camera frame continues more than 10 times (i.e., 10 min.), the VDT working time is reset.
Feature Extraction
To the image captured by a webcam, the image feature is extracted by measuring area of the user's head in addition to the face. The extraction is conducted as follows. As preprocessing, in order to remove noises such halation at both sides of the images, 50 columns are removed from both sides of the image to the inside.
First, area of the user's face is extracted. Generally, there is a characteristic that R value is the highest in RGB values in human's skin area. Hence, regarding the corner at the upper left of the image array as the original point (0, 0), RGB values at every pixel (x, y) are transformed by Figure 5 . Extraction of area of the face and the head for a user.
where R[x][y], G[x][y], and B[x][y]
show R value, G value, and B value of the pixel (x, y), respectively. After that, the pixel which is R = 255 and G = B = 0 is regarded as a pixel which is located in the face area. For example, Fig.5a is transformed as shown in Fig.5c .
Next, scanning the column from every of the pixels in the face area upward, all the scanned pixels are transformed by Besides, all the objects except the largest one are removed from Image [x] [y] by the labelling. The feature for representing the size of the user's face and the head f is obtained by
Fig .5 shows image processing shown above. This case is the situation that user is doing VDT work, and Fig.5f shows the largest object in Image [x] [y] for the original image shown in Fig.5a . Similarly, Fig.6b shows the largest object obtained by the image processing for the image shown in Fig.6a , where nobody appears. As shown in Fig.5f and Fig.6b , there is significant difference between the two images in the size of the largest object.
Discrimination
Using the feature f and the learning data, the discrimination whether the user is doing VDT work or not is conducted by a discriminant machine. In the proposed system, the linear SVM is applied to the machine. Thus, the proposed method is very simple. In order to discriminate the images which show the user is doing VDT work, the proposed method extracts just one feature f from every image. And then, as shown above, although the learning data are once prepared before the user begins VDT work, the proposed method does not need the learning data again on next day (i.e., the proposed method does not overwrite the learning data) if the user uses the same PC at the same location. Besides, since the proposed method conducts the discrimination just once in 1 min., the proposed system could work with small computational complexity.
Experimental Results
A prototype of the proposed system has been applied to 14 participants in three rooms (Room A: a laboratory room in university, Room B: another laboratory room in the same university, and Room C: an office room in a corporation) and performance of the proposed method has been examined. Fluorescent lights were attached in all the rooms and the webcam was attached on the upper frame of the PC Here, note all the images were classified into "Appearance" (i.e., the user is doing VDT work) and "Invisibleness" (i.e., the user is out of the camera flame) by human eyes to make the correct answers, and "Total" corresponds to the recording minutes. As shown above, 30 images of appearance and another 30 images of invisibleness for every participant were obtained before their VDT work for storing the learning data. In recording the participants, each of them used the PC for VDT work such as writing sentences, inputting data, or programming. Table 2 and Table 3 show experimental results of the discrimination for "Appearance" and "Invisibleness", respectively, where SD means the standard deviation. Performance of the discrimination is represented by ratios of P recision and Recall defined as
where X h is the set of the correct answers, X c is a set of images discriminated by the proposed method, and |X| is the number of images of a set X. 
Discussions
As shown in Table2 and Table3, the experimental results have shown high effectiveness of the proposed method. The ratio of recognition for images which show VDT work is 93.9 % on average (by all the ratios of P recision and Recall). Among discrimination errors, it was found that they are separated into 4 cases. Fig.8 shows examples of the 4 cases, where (a) and (b) are the same as Fig.7 . Regarding discrimination errors for "Appearance", one pattern has been found, which is the case when the user is far from the monitor (Case 1 in Fig.8 ). Although the feature f extracted from the image shown in Case 1 is 11945, the mean values of the feature f in "Appearance" and "Invisibleness" for the user (Participant 3) are 22985 and 6480, respectively, i.e., the feature f for Case 1 is close to "Invisibleness". From the error of Case 1, it is necessary to improve the definition of "Appearance" by including the distance between the user On the other hand, regarding discrimination errors for "Invisibleness", three patterns have been found, which are the case when red cloth or corrugated cardboard is appeared (Case 2 in Fig.8 ), the case when another skin area on behalf of the face appeared much (Case 3 in Fig.8) , and the case when another person appears (Case 4 in Fig.8 ). The reason of error for the image shown in Case 2 is because the cloth color of the user (Participant 2) was recognized as skin color. To cope with this error, the proposed method would need to prepare some features considering facial shape. In the image shown in Case 3, the arm of the user (Participant 1) is appeared much and the proposed method recognized the arm as the face. However, this case could be hardly oc- Figure 9 . A sequence of the discrimination results which have an isolated error. curred in VDT work. To cope with this case, it would be necessary to improve the method for measuring VDT working hours by introducing factors on the sequence of discrimination results into the system. Fig.9 shows a sequence of the discrimination results, where the circle means the discrimination result has been "Appearance" and the cross means the result has not. From Fig. 9 , regarding an isolated result in a sequence as an error, it could be possible to revise the isolated discrimination result with its former and latter results. And then, since the proposed system does not assume that another person uses the PC, the proposed method can not cope with the case such as Case 4. If this case were not often occurred, it could be improved by the revision of the discrimination result in the sequence.
Conclusion
This paper has presented a method for monitoring the PC user who is doing VDT work using a webcam and a system for giving warning information to the user who is doing VDT work more than the designated time. For the sake of measurement of VDT working hours, to the images which are captured by a webcam once in a minute, the proposed method has discriminated the images where the user appears in the camera frame using just a simple feature. Besides, we have confirmed efficiency of the proposed method from experimental results of the discrimination.
Considering the discrimination errors, it would be necessary to propose features for recognizing facial shape and a method for revising isolated errors in a time sequence as future works.
